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[57] ABSTRACT 

An apparatus for optically scanning and measuring the 
physical parameters of a sheet material by means which 
are fully enclosed within an air purged cross-machine 
box-beam structure to protect the radiation source, the 
radiation detector and the optics from the harsh ma- 
chine environment. The apparatus may involve a single 
beam enclosing a combined source/detector module for 
reflection measurement or dual beams on opposite sides 
of the sheet for transmission measurement with one 
enclosing a source module and the other enclosing a 
detector module. Standardization means are also pro- 
vided either in the module itself or as an extension of the 
beam. Means are also disclosed for sealing the opening 
in the beams through which the radiation passes. 

20 Claims, 6 Drawing Sheets 
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<~tTv*™ I* .. ...... FIG - 4 is a simplified front view of a scanner beam 

OPTICAL SCANNER WITH SELF CONTAINED illustrating an alternate standardization arrangement 

STANDARDIZATION MEANS and the serviceability of the unit 

FIG. 5 is a view similar to FIG. 1 incorporatine a 

BACKGROUND OF THE INVENTION 5 scanning apparatus of the transmission measurement 

The present mvention relates to an advanced infrared type * 

scanner and more particularly to a scanner having tra- FIG - 6 k a cut-away side view of a scanner apparatus 

versing scanner heads completely located inside of a of ^ t^m^on type. 

box-beam structure. FIG. 7 is a cross-section view of the detector beam 

There are many situations where it is desirable to 10 ^ module °* FI 9' 6 - 

have a scanner for a moving web, such as in a paper FIG * 8 *? a sim P lified front vi ew of the detector beam 

machine, where space limitations and the environment of FIG * 6 ^^^S ^ sealing belt arrangement, 

prohibit the use of currently available scanner struc- DESCRIPTION OF THE PREFERRED 

tures. For example, there are no scanners which are EMBODIMENTS 

compact enough to fit into the wet press section of a - . 

modern paper machine. During the 1960's and 197ffs general, simplified view of a section of an 

the emerging scanning technology was attempted in the a P paratus m which a web of material 12 is being fed 

press sections of board and linerboard paper machines ™* feeding and or supporting rollers 14, 16 and 

The reliability due to the environment was poor the m d*^ 011 indicated by the arrows. Extending 

measurements were slow and inaccurate and the instal- 20 across machiBe ^ d i^ nt *° the web is the scanning 

latkm was difficult As the machine speeds increased app f5 a 1 tus ^ Most typically, the invention would be 

during the 1980's, and as new pressing schemes for a PP^t° a pa^r inakmg machme but the invention is 

substantially higher levels of water removal were real- a PPlicable to the scanning and measurement of any web 

ized, the machine space for conventional wet press „ of 5 iatenal °f ^"^ e *> optically scan, 

scanners was not available. In addition, the environ- 25 Refemn S now *J ^G. 2, the scanning apparatus 20 

ment became even more hostile with higher tempera- «£P™ beam*! A portion of the beam 21 is shown 

tures and water sprays making the application of avail- ,ec ^ cut-a-way to show the mterior of 

able scanning sensors with exposed sensor heads im- ^ ^*l?° d ?%?- ™ * ction 

practical. ° ^ 1S shown m FlG - 3 - The beam 21, referred 

30 to as a box-beam, of the machine and the web to be 

SUMMARY OF THE INVENTION measured, is supported only at the ends and is suffi- 

TM* i« v *T^™ T,mAA~ c • ciently rigid so that it will not sag. To provide this 

phS~L P of^ SSl, 5.352 *™- in t£ shape of a 

<^™^2^~ c . -\, t 6 box as seen in FIG. 3 with a supporting cross-member 

tromagnetic radiation from a source to the sheet mate- « „ , A , *v , , , 

• 1 V j . , . *"a« 35 or web 24. As an example, the beam would be con- 

ISo ^K^ ^ ^ structed of 10 — steel pfate and wtTed orexWd^ of 

mt ™ 0D ° f * e rad ** on wth an aluminum alloy to the desired cross-section for verti- 

J£$%£ T • "S^f or cal, horizontal and torsional strength. The beam 21 

SSlTf f fuUy enClOSCd ^ a w0 * d * appropriately supported afthe ends by struc- 

cross-machme beam structure forming a scanner appa- 40 ^ not shown . bea^has an opening 26 in the 

5* ? Sma11 ^^ ona i «» f d where bottom thereof running substantially the ful length of 

^^^^^TT^ ^ the beam or, more accurately, the full length of thfLn 

ronment More particularly an object of the present to ^ performed. Attached along each edge of the open- 

S ^"«J5TSr ? 111 b * * are the carriage tracks 28. These lacks fit £er 

winch the sensor module is fully contained and pro- 45 the edges of the opening 26 and define the optical scan- 

tected. An object is also to provide a scanning optical ning aperture as well as provide the guiding surfaces for 

sensing device which may be of the reflection measure- smooth traversing of the sensor module carriage and 

ment type with a box-beam on only one side of the sheet flexible cables 

material containing both the radiation source and the in order to prevent the entry of contaniinants into the 

radiation detector or of the transmission measurement 50 beam and into the sensor module, an air purge system is 

type with box-beams on each side of the sheet material provided. Purging air is introduced into the beam 21 

with one containing the source and the other containing through the duct 30 as shown in FIG. 3. The cross- 

a f te< r tor * member or web 24 does not extend all the way to the 

A further object is to provide a scanning sensor mod- end of the beam so as to provide air flow throughout the 

ule with self contained standardization means and 55 entire beam. Some of the air flows around the module 

means for air purging the beam and sensor module to 22 and out the opening 26 while the remaining air flows 

prevent the entry of environment contaminants. into the module through holes 32 and then out of the 

BRIEF DESCRIPTION OF THE DRAWINGS module and out the opening 26. This air purge provides 

. a positive pressure in the beam and module and thus air 

FIG. 1 is a simplified view of a portion of a web 60 flow out through the opening 26 to prevent the flow of 

forming or treating apparatus incorporating a scanning contaminants in through opening 26. In addition, the air 

apparatus of the reflection measurement type according purge provide cooling of the module. 

t0 CT^ P ^ Cnt mvention * Turning now to the module construction, it com- 

FIG. 2 is a cut-a-way side view of a scanner beam prises a housing 34 with a source lamp module 36 
housing the scanner of the present invention with the 65 mounted at one end. The source lamp module 36 corn- 
scanner being shown in cross section. prises a source lamp 38, an elliptical reflector 40 and 

FIG. 3 is a cross section of a scanner beam illustrating cooling fins 42. The source lamp 38 provides the source 

the end view of the scanner housed within the beam. of electromagnetic radiation over a spectral band that 
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includes the infrared region. Mounted within the hous- module 22 to move the sensor module back and forth 

ing 34 and located at the focal point of the elliptical through its scanning pattern. 

reflector is a chopper 44 which may be a motor driven In addition to the internal pressurization of the beam 

rotating disk, an electronically-driven tuning fork or and as a means for enhancing the effectiveness of the 

any other device suitable for modulating the radiation 5 pressurization, a sealing tape or belt 76 is incorporated 

beam. A tuning fork is preferred for its stability, low to cover the opening 26. This sealing belt is attached at 

cost and low heat generation. each end of the beam 21 and merely lays in the tracks 28 

The modulated radiation is primarily directed to the as shown in FIG. 3. As shown in FIG. 2, this sealing 

elliptical mirror 46 from which it is reflected through belt extends up and over the sensor module 22 and is 

the glass 47 covering the opening 48, through the open- 10 engaged by the rollers 78. Therefore, as the sensor mod- 

ing 50 in the bottom of the housing 34, through the ule 22 scans back and forth, it picks up the sealing belt 

opening 26 and down onto the web 12. The web 12 is from the tracks and then places it back down into the 

the web of paper or other material being scanned. This tracks. Because the sealing belt seals the opening 26 

optical system utilizing the mirror enables the radiation except in the immediate vicinity of the scanner module 

beam to be focused onto the sheet while allowing a 15 at any particular time and lection in its scan, less purge 

suitable standoff distance between the sensor module air flow is required and the velocity of the purge air out 

and the web. This distance (from the web 12 to the from the beam is increased. 

beam 20) might be on the order of 0. 1 to 0.5 meters (4 to Although the optics have been shown and described 
20 inches) thus fully eliminating the possibility of asmclud^gtheempticalniirrors46and58andtheglass 
contact with the web. 20 48 and 56, other arrangements could be used for focus- 
The radiation beam is reflected off of the web as ing the measurement energy onto the web. For exam- 
shown in FIG. 2 and reflects up through the openings pie, flat mirrors could be used instead of the elliptical 
26 and 54, the glass 55 in opening 56 and onto the ellipti- mirrors and the glass covers 47 and 55 replaced with 
cal mirror 58. From the elliptical mirror 58, the radia- appropriate lenses. 

tion is reflected onto the detector 60. The angle of the 25 FIG. 4 illustrates an alternate or supplemental ar- 

radiation from the mirror 46 to the web is such that the rangement for standardization. At the end of the beam 

radiation does not impinge on the web at a 90" angle 21 which extends out beyond the edge of the web 12, 

thus avoiding specular reflection. Likewise the angle there is an enclosed standardization sample box 80. This 

between the web and the radiation reflected from the box is open to the beam 21 and to the opening 26 (see 

web to mirror 58 is not 90° for the same reasons. In the 30 FIGS. 2 and 3) and the box contains one or more stan- 

other direction as shown in FIG. 3, the beam 21 is tilted dardization samples 82. These samples are true calibra- 

with respect to the plane of the web which is again to tion samples which, for example, may be paper encapsu- 

avoid specular reflection. The detector 60 is preferably lated in glass. As shown, the sensor module 22 will pass 

a standard multi-channel sensor which then feeds the over and scan the three illustrated samples a, b and c 

measurement reading to the conventional electronics in 35 when it is in the respective positions a, b and c. In this 

the compartment 62. For more details on a multi-chan- arrangement, the samples are protected from the envi- 

nel detector, see U.S. Pat, No. 4,766,315. The final mea- ronment just as the interior of the beam is protected, 

surement signals are then fed out from the scanner beam The system will periodically restrict the sensor to the 

in a conventional manner. In order to provide for varia- positions a, b and c to read the samples for purposes of 

tions in the distance from the sensor module to the web 40 standardization. Such an arrangement would have been 

being measured, means are included for changing the difficult to implement with conventional scanners with 

angular position of mirror 58. This comprises an adjust- sensor heads external to the beam because of the inabil- 

able hard-stop 59 and extension 61 on the mirror. In it ity to completely protect the sample from dust, water 

normal measuring position. The extension 61 engages and temperature of the environment 

the hard-stop so that the angle of mirror 58 is proper to 45 FIG. 4 also illustrates another feature of the invention 

project the radiation onto the detector 60. To focus the which is the ready access to the sensor module for ser- 

sensor for a desired web to sensor distance, the hard vice. Since the environment in which the device is typi- 

stop 59 is adjusted to change the mirror angle and main- cally installed is hostile and unfriendly to personnel as 

tain the proper focus angle. well as being cramped, safe access for service is impor- 

For standardization purposes, a standardization sam- 50 tant. Since the sensor module is a self-contained unit 

pie 64 is attached inside of the housing 34 in a position entirely within the beam and riding on a track system, it 

such that a portion of the radiation from the lamp 38 can readily be detached from the flexible drive and the 

and reflector 40 are directed past the mirror 46 and onto customary electrical connections and then merely re- 

the sample 64. This radiation is scattered from the sam- moved as a unit out from the end of the beam. FIG. 4 

pie 64 and onto the detector 60 when the mirror 58 is 55 shows an open access door 84 and the module being 

pivoted up out of its normal position into the standard- removed Since this end of the beam is extended out 

ization position shown in dotted lines in FIG. 2. For this from the web processing area, the access area is likewise 

purpose, a positioning device 66 such as a solenoid is somewhat remote from the hostile environment, 

attached to the housing 34 and the mirror 58. This posi- Referring now to FIGS. 5 to 8, an alternate form of 

tioning device would be programmed to activate at any 60 the present invention relates to a transmission (through 

desired time interval or position across the scan. the web) mode of operation rather than a reflection 

The sensor module 22 is mounted within the beam 21 mode. Numbered parts in the 100 series are similar to 
on the wheels 68, 70 and 72 as best seen in FIG. 3. These the part numbers in the previous embodiment. As 
wheels are positioned such that they will maintain the shown in FIG. 5, the beam 21, which now contains only 
module in its precise orientation and permit the module 65 the source module 122, is located on one side of the web 
to be easily rolled while scanning. A known and con- 12 and the detector module 123 in beam 121 is located 
ventional flexible cable scan operating mechanism 74 is on the other side of the web. The beam contains a cross- 
enclosed within the beam 21 and attached to the sensor member 124. The source module 122 no longer contains 
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the detector and its associated components and contains 
a different standardization arrangement which will be 
explained hereinafter. 

The radiation reflected from the mirror 46 is focused 
on the web 12 and is transmitted through the web. The 5 
transmitted radiation as effected by the properties of the 
web to be measured enters the slit opening 126, goes 
through the glass 155 and is intercepted by the elliptical 
mirror 158 and focused onto the detector 160. To detect 
only the scattered light, the angles xi and X2 are both less 10 
than 90° so that is no direct, straight line light path from 
the source to the detector. The detector module is mov- 
ably supported by the wheels 168, 170 and 172 on the 
tracks 128 and 129. The detector module is driven by 
the flexible cable operating mechanism 174 which is 15 
coordinated in a known manner with the drive for the 
source module 122. The beam 121 would also be air 
purged at 130 in the same manner as beam 20. Likewise, 
the detector module has air purge holes 132 to admit the 
purge air into the detector module. 20 

Because of gravity, the bottom beam 121 has a differ- 
ent arrangement for the sealing belt 176. The sealing 
belt 176 forms a loop with the two ends being fastened 
to the detector module 123 such as by the extensions 
186. The sealing belt is captured into a recess in the 25 
tracks 128 and retained in position by the plates 188. 
The operation of the sealing belt 176 can be seen in the 
schematic FIG. 8. As the detector module moves back 
and forth, the sealing belt 176 moves with it since it is 
attached to the detector module at 186. The sealing belt 30 
merely forms a loop around the rollers 178. 

As previously indicated, the standardization arrange- 
ment for this transmission embodiment differs from the 
standardization for the reflection mode of operation. 
Mounted in the source module on the pivot arm 190 is 35 
a standard transmission sample 192. By means of the 
pneumatic or other cylinder 194, the sample is pivoted 
up into the path of the radiation as shown by the dotted 
lines in FIG. 6. This is done at a point in the seam when 
the scanner is off-web. In this position, the radiation 40 
transmitted to the detector is the radiation transmitted 
through the sample thereby facilitating calibration. It is 
also noted that the alternate or supplemental standard- 
ization or calibration scheme as shown in FIG. 4 for the 
reflection method scanner is also applicable to a trans- 45 
mission scanner. In this case, the externally sealed sam- 
ple housing 80 will extend between the two beams and 
include a transparent bottom in such a way that energy 
from the source to the detector has to pass through the 
samples 82 a, b, c when the sensors are at the cone- 50 
sponding positions. As can be seen from the description 
of the invention, it provides a system for optically mea- 
suring the properties of a web or sheet material by 
means of a small, compact scanning system with either 
one beam containing both the source and the detector 55 
or with two beams with one containing the source and 
the other containing the detector with the modules 
being totally located inside of box-beams. Since the 
modules are compact, the beams may be small, taking 
into consideration the structural requirements of sup- 60 
porting the beam across the web, and can be installed in 
locations where other, larger, prior scanner apparatus 
would not fit, As an example of size reduction, a typi- 
cally prior art scanner might occupy a cross-sectional 
box area of 0.30 m 2 whereas the present invention (re- 65 
flection type) would typically occupy 0.07 m 2 . Further- 
more, the design permits the location of the scanner in 
harsh environments since it is totally enclosed inside the 



beam and is air purged. There are no external exposed 
sensor parts or moving members. The use of the mirrors 
of the invention to focus the radiation onto the web 
allows a suitable standoff distance from the beam to the 
web with no contact Standardization is simplified by 
means either fully contained within the sensor module 
or contained in an extension of the beam which is fully 
protected from the environment. 
What is claimed is: 

1. In a system for measuring optical properties of a 
moving web of sheet material by projecting electromag- 
netic radiation onto the moving web and detecting the 
electromagnetic radiation after interaction with the 
moving web comprising: 

a first beam mounted to extend parallel to one face of 
the moving web in a cross-machine direction, said 
beam being generally hollow and including an 
elongated opening through the side of said first 
beam adjacent the moving web; 

an electromagnetic radiation source module mounted 
entirely inside of said first beam adjacent said elon- 
gated opening; and 

means for traversing said source module back and 
forth within said first beam along said elongated 
opening, and wherein said source module com- 
prises: 

a. a housing having an aperture adjacent said elon- 
gated opening for passing electromagnetic radia- 
tion through said aperture and said elongated open- 
ing; 

b. a source of electromagnetic radiation within said 
housing; and 

c. optical means within said housing including an 
elliptical mirror to receive and focus said radiation 
from said source through said aperture and 
through said elongated opening onto the moving 
web. 

2. In a system as recited in claim 1 wherein said hous- 
ing includes a second aperture and wherein said source 
module further includes detector means and second 
optical means to receive radiation reflected from the 
moving web and passed through said elongated opening 
and said second aperture and to focus said reflected 
radiation onto said detector means. 

3. In a system as recited in claim 2 wherein said sec- 
ond optical means comprises a second elliptical mirror. 

4. In a system as recited in claim 3 and further includ- 
ing a standardization sample mounted in said housing 
whereby a portion of said radiation is scattered off of 
said sample as a standard radiation onto said detector 
means and wherein said second mirror is movable be- 
tween a first position to focus radiation from said mov- 
ing web onto said detector and block said standard 
radiation from said detector and a second position in 
which radiation from said moving web is not focused 
onto said detector and said standard radiation is re- 
flected onto said detector. 

5. In a system as recited in claim 3 and further includ- 
ing means for adjusting said second mirror to adjust the 
focus of reflected radiation from said web onto said 
detector for varying web positions. 

6. In a system as recited in claim 4 and further includ- 
ing means for adjusting said second mirror to adjust the 
focus of reflected radiation from said web onto said 
detector for varying web positions. 

7. In a system as recited in claim 1 and further includ- 
ing means for purging said first beam and said source 
module with air comprising means for introducing air 
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into said first beam and for introducing air from said 
first beam into said source module under pressure 
whereby air flows out from said source module through 
said aperture and out from said first beam through said 
elongated opening. 5 

8. In a system as recited in claim 2 and further includ- 
ing standardization means off-web adjacent one end of 
said first beam, said standardization means comprising 
an enclosed housing attached to said first beam over 
said elongated opening and containing at least one stan- 10 
dardization sample whereby radiation from said source 
module focuses onto said standardization sample when 
said source module is in a standardization position and 
reflects a standard radiation to said detector. 

9. In a system as recited in claim 7 and further includ- 15 
ing sealing means covering said elongated opening in 
said first beam and including means for moving said 
sealing means to permit said source module to traverse 
back and forth between said sealing means and said 
elongated opening. 20 

10. In a system as recited in claim 1 and further in- 
cluding access means at one end of said beam to permit 
removal of said source module. 

11. In a system as recited in claim 1 and further in- 
cluding a second beam mounted to extend parallel to 25 
the other face of the moving web in said cross-machine 
direction in line with said first beam, said second beam 
being generally hollow and including an elongated 
opening through the side of said second beam adjacent 
the moving web; an electromagnetic radiation detector 30 
module mounted entirely inside of said second beam 
including means to traverse said detector module back 
and forth within said second beam along said elongated 
opening; and means for traversing said detector module 
and wherein said detector module comprises: 35 

a. a detector housing having an aperture adjacent said 
elongated opening for passing electromagnetic 
radiation in through said elongated opening and 
said aperture; 

b. a detector for detecting said electromagnetic radia- 40 
tion mounted in said detector housing; and 

c. optical means mounted in said detector housing to 
receive said radiation transmitted through said 
moving web from said source module and focus 
said radiation onto said detector. 45 

12. In a system as recited in claim 11 wherein said 
optical means mounted in said detector housing com- 
prises a mirror. 

13. In a system as recited in claim 12 wherein said 
mirror is an elliptical mirror. 50 

14. In a system as recited in claim 11 and further 
including a standardization transmission sample, said 
standardization transmission sample mounted so as to be 
movable into the paths of said radiation whereby a 
standard radiation is transmitted to said sample. 55 

15. In a system as recited in claim 14 wherein said 
standardization sample is located in said source module. 

16. In a system as recited in claim 15 wherein said 
standardization sample is mounted on a pivotal arm to 
pivot said standardization sample into the path of said 60 
radiation. 

17. In a system as recited in claim 11 and. further 
including standardization means off-web adjacent one 
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end of said first and second beam, said standardization 
means comprising an enclosed housing attached to one 
of said first and second beams over said elongated open- 
ing to pass radiation therethrough and containing at 
least one standardization sample whereby said source 
module focuses radiation onto and through said stan- 
dardization sample to said detector module when said 
source and detector modules are in a standardization 
position. 

18. In a system as recited in claim 11 wherein said 
second beam and said detector module comprises means 
for introducing air into said second beam and for intro- 
ducing air from said second beam into said detector 
module under pressure whereby air flows out from said 
detector module through said aperture in said detector 
module and out from said second beam through said 
elongated opening. 

19. In a system as recited in claim 11 and further 
including sealing means covering said elongated open- 
ing in said second beam, said sealing means attached to 
said detector module and movable therewith. 

20. A system for measuring optical properties of a 
moving web of sheet material comprising: 

a beam mounted to extend parallel to one face of the 
moving web in a cross-machine direction, said 
beam having a generally rectangular cross section, 
being generally hollow and including an elongated 
opening through the side of said beam adjacent the 
moving web, and 
a sensor module mounted entirely inside of said hol- 
low beam, said sensor module and means for tra- 
versing said source module back and forth within 
said beam along said elongated opening, said sensor 
module comprising: 

a. a housing having first and second apertures adja- 
cent said elongated opening for passing electro- 
magnetic radiation through said apertures and 
said elongated opening; 

b. a source of electromagnetic radiation within said 
housing; 

c. a fixed elliptical mirror within said housing to 
receive and reflect a first portion of said radia- 
tion from said source through said first aperture 
and through said elongated opening and to focus 
said radiation onto the moving web; 

d. a second elliptical mirror within said housing 
pivotally mounted to move between a first and 
second position to receive said radiation re- 
flected from said web through said elongated 
opening and said second aperture; 

e. detector means within said housing to receive 
radiation from said second elliptical mirror in 
said first position and convert said received radi- 
ation to a signal indicative of said optical prop- 
erty; and 

f. a standardization sample mounted within said 
housing to receive a second portion of said radia- 
tion from said source and reflect said radiation 
onto said detector when said second elliptical 
mirror is pivoted to said second position, and 
means for pivoting said second elliptical mirror 
between said first and second positions. 
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